Key summary {#sec14-2050640620915016}
===========

Summarise the established knowledge on this subject Acute cholangitis is treated with endoscopic biliary drainage and antimicrobial therapy.Optimal duration of antimicrobial therapy is unknown in cholangitis.Recommendations regarding the duration of antimicrobial therapy in cholangitis after successful endoscopy biliary drainage vary from 3 to 10 days.

What are the significant and/or new findings of this study? Antimicrobial therapy of ≤3 days is sufficient after successful biliary drainage.

Introduction {#sec1-2050640620915016}
============

Patients with common bile duct stones (CBD) are at risk of developing acute cholangitis and subsequent sepsis.^[@bibr1-2050640620915016]^ The combination of biliary drainage by endoscopic retrograde cholangio-pancreatography (ERCP) and antimicrobial therapy is the cornerstone of treatment of acute cholangitis.^[@bibr2-2050640620915016],[@bibr3-2050640620915016]^ However, the optimal duration of antimicrobial therapy is unclear, because there is limited research conducted on this matter.^[@bibr4-2050640620915016][@bibr5-2050640620915016][@bibr6-2050640620915016][@bibr7-2050640620915016][@bibr8-2050640620915016]--[@bibr9-2050640620915016]^ Consensus-based recommendations on antimicrobial treatment duration in current (inter)national guidelines therefore vary from 3 days or less up to 10 days.^[@bibr10-2050640620915016][@bibr11-2050640620915016][@bibr12-2050640620915016]--[@bibr13-2050640620915016]^ Unnecessary prolonged antimicrobial therapy increases risk of mortality and side-effects, such as diarrhoea and colitis due to *Clostridioides difficile* infection.^[@bibr14-2050640620915016],[@bibr15-2050640620915016]^ Prolonged hospital stay causes an extra financial burden on the healthcare system. In addition, overuse of antibiotics fuels the development of resistance, which is already a major issue worldwide.^[@bibr16-2050640620915016][@bibr17-2050640620915016]--[@bibr18-2050640620915016]^ The national sepsis guideline in the Netherlands is most progressive on antimicrobial therapy duration in cholangitis, with a recommended therapy duration of 3 days or less after successful biliary drainage.^[@bibr19-2050640620915016]^ This recommendation was based on one retrospective study.^[@bibr7-2050640620915016]^ International guidelines recommend longer treatment durations.^[@bibr10-2050640620915016],[@bibr11-2050640620915016],[@bibr13-2050640620915016],[@bibr20-2050640620915016],[@bibr21-2050640620915016]^ We hypothesized that antimicrobial therapy duration of 3 days or less is sufficient after successful biliary drainage in patients with acute cholangitis. We therefore performed a retrospective multicentre study to compare the occurrence of a local infectious complication in cholangitis patients treated with antibiotics for 3 days or less compared with those treated for 4 days or more. Secondary aims were to compare occurrence of *C. difficile* infection, total length of hospital stay and all-cause mortality.

Methods {#sec2-2050640620915016}
=======

Study design {#sec3-2050640620915016}
------------

We performed a retrospective multicentre study in seven hospitals in the region of Amsterdam. The study was approved by the Medical Ethics Review Committee of the Amsterdam Medical Center in Amsterdam on 20 March 2017; reference number: W17_100\# 17.120. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a prior approval by the institution's human research committee. For this type of study (retrospective) formal written consent was not required. After approval we identified all patients who underwent an ERCP for cholangitis due to CBD stones between January 2012 and January 2017 from endoscopy databases (Endobase; Olympus Medical System Europe, Hamburg, Germany or HIX; Chipsoft, Amsterdam, Netherlands). Participating centres existed of one tertiary care center, four teaching hospitals, and two non-teaching hospitals. Data regarding infectious complications were retrospectively retrieved from electronic patient records.

Patients {#sec4-2050640620915016}
--------

Patients were included if they had suffered from cholangitis due to CBD stones and were over 18 years of age at the time the cholangitis occurred. Cholangitis was defined according to the updated Tokyo Guidelines.^[@bibr22-2050640620915016]^ Treatment had to include successful drainage of the biliary tract by means of an ERCP. Successful drainage was defined by total clearance of stones or successful placement of a biliary stent if not all stones could be removed. Patients could be included multiple times if they suffered from more than one episode of cholangitis with a minimum interval of at least 3 months. Exclusion criteria were any other etiology of cholangitis than bile duct stones such as primary sclerosing cholangitis, benign or malignant biliary obstruction or biliary stent dysfunction. Patients were also excluded if they suffered from a cholangitis as a result of ERCP, a concomitant cholecystitis, or post-ERCP perforation. Furthermore, patients were excluded if they received percutaneous or surgical drainage, or when they used maintenance antibiotic therapy for any other reason at the time cholangitis was diagnosed. Patients that died within 3 days after initial ERCP or lost to follow-up within 3 months after initial ERCP were excluded as well. The rationale for excluding patients who died within 3 days after initial ERCP is that these patients never had the chance to be treated for more than 3 days.

Data collection {#sec5-2050640620915016}
---------------

We reviewed the ERCP report and electronic medical records of all potential patients. We collected data on patient demographics, severity of cholangitis according to the Tokyo Guidelines,^[@bibr22-2050640620915016]^ blood culture pathogens, ERCP details, antimicrobial therapy details (type, duration) and the development of infectious complications.

Study outcome {#sec6-2050640620915016}
-------------

The primary outcome was the occurrence of a local infectious complication. An infectious complication was defined as the need for antibiotics within 3 months after ERCP. We reported results per episode of cholangitis. Local infectious complications included recurrent cholangitis, cholecystitis, liver abscess, infected portal vein thrombosis and other infections that could be related to the primary cholangitis episode. Secondary outcomes included the occurrence of *C. difficile* infection, total length of hospital stay and all-cause mortality within 3 months. Hospital stay was defined as the number of days from the day of admission to the day of discharge or date of death.

Statistical methods {#sec7-2050640620915016}
-------------------

Patients were categorised in two groups according to the duration of antimicrobial therapy (intravenous and/or oral administration) after ERCP: 3 days or less/4 days or more. Descriptive statistics were used to describe the population. Continuous variables with a normal distribution were summarized using means and standard deviations (SD), whereas medians and interquartile ranges (IQR) were used for skewed distributions. Categorical variables were summarized using numbers and percentages. Patient characteristics were compared using the independent samples *t*-test or Mann Whitney *U* test for continuous variables and the Chi-squared test or Fisher's exact test for categorical variables. The primary outcome was compared using the Chi-squared test. Total length of hospital stay was categorized to short (7 days or less) and long (8 days or more). Univariate logistic regression analysis was used to evaluate associations between potential confounders and primary and secondary outcomes. To adjust for potential confounding, we performed multiple logistic regression analysis including clinically relevant predictors. To obtain stability in our model we planned to have a minimum of 10 events per variable. For all missing values, we planned to run a best-worse-case scenario. A *p* value of 0.05 or smaller was considered to imply statistical significance and all reported *p* values are two-sided. Analyses were performed in SPSS statistics 24.

Results {#sec8-2050640620915016}
=======

Study population {#sec9-2050640620915016}
----------------

A total of 426 patients with cholangitis due to CBD stones were retrieved from local databases by reviewing endoscopy reports; of which 296 patients met study eligibility criteria. Most patients (*n* = 123) were excluded, because the duration of antimicrobial therapy was unknown or because they were lost to follow-up within 3 months after ERCP. Other reasons for exclusion were: concomitant cholecystitis (*n* = 3), death within 3 days after first episode of cholangitis (*n* = 2), post-ERCP perforation (*n* = 1) and the presence of a second infection that extended antimicrobial therapy (*n* = 1). Baseline characteristics of the included study population are summarized in [Table 1](#table1-2050640620915016){ref-type="table"}. The mean age of the study population was 72.7 (SD 14.1) years, 144 (48.6%) patients were male, and most patients (69.6%) suffered from a cholangitis grade II. In 48 patients (16.2%) a stent was placed to achieve adequate drainage during ERCP, due to incomplete removal of gallstones. Seven patients developed a mild post-ERCP pancreatitis; no severe post-ERCP pancreatitis occurred. The short antimicrobial therapy group (≤3 days) consisted of 137 patients (46.3%), and the long group (≥4 days) of 159 patients (53.7%). There were some differences between the two groups. Patients who received antibiotics for ≥4 days more frequently experienced a grade III cholangitis (18 patients (11.3%) vs five patients (3.6%); *p* = 0.03), underwent the ERCP sooner after admission (1 day (IQR 1--2 days) vs 2 days (IQR 1--4 days); *p* \< 0.01) and were more likely to have a positive blood culture (98 patients (61.6%) vs 62 patients (45.3%); *p* \< 0.01).

###### 

Baseline characteristics of the study population.

![](10.1177_2050640620915016-table1)

                                                                                  ≤3 days AB*n*=137 (%)   ≥4 days AB*n*=159 (%)   *P* value
  ------------------------------------------------------------------------------- ----------------------- ----------------------- -----------
  Age, mean SD                                                                    71.4 (15.1)             73.8 (13.0)             0.14
  Male gender                                                                     67 (48.9)               77 (48.4)               0.94
  Relevant comorbidity^[a](#table-fn1-2050640620915016){ref-type="table-fn"}^                                                     
   -- Diabetes                                                                    25 (18.2)               33 (20.8)               0.59
   -- COPD                                                                        16 (11.7)               14 (8.8)                0.41
   -- Immunodeficiency^[b](#table-fn2-2050640620915016){ref-type="table-fn"}^     1 (0.7)                 1 (0.6)                 0.92
  Previous cholecystectomy, *n* (%)                                               32 (23.4)               43 (27.0)               0.47
  Tokyo severity score                                                                                                            0.03
   -- Grade I                                                                     36 (26.3)               31 (19.5)               
   -- Grade II                                                                    96 (70.1)               110 (69.2)              
   -- Grade III                                                                   5 (3.6)                 18 (11.3)               
  Timing ERCP after admission, median in days (IQR)                               2 (1--4)                1 (1--2)                \<0.01
  Papillotomy                                                                     126 (92.0)              148 (93.1)              0.72
  Stent used to retrieve adequate drainage                                        20 (14.6)               28 (17.6)               0.48
  Positive blood culture^[c](#table-fn3-2050640620915016){ref-type="table-fn"}^   62 (45.3)               98 (61.6)               \<0.01
  Treatment centre                                                                                                                0.06
   -- Tertiary care hospital                                                      23 (16.8)               13 (8.2)                
   -- Teaching hospital                                                           68 (49.6)               93 (58.5)               
   -- Non-teaching hospital                                                       46 (33.6)               53 (33.3)               

^a^Each patient could have multiple comorbidities.

^b^Immunodeficiency: drug induced or as the result of an infection with human immunodeficiency virus (HIV).

^c^Each blood culture could contain multiple bacteria.

COPD: chronic obstructive pulmonary disease; ERCP: endoscopic retrograde cholangiopancreatography; IQR: interquartile range; AB: antibiotics.

The five most frequently isolated microorganisms were: *Escherichia coli* (67.5%), *Klebsiella* spp. (24.4%), *Streptococcus* spp. (8.1%), *Enterococcus* spp. (4.4%) and *Enterobacter* spp. (3.8%). In two patients (1.3%) an anaerobic pathogen was found, *Clostridium perfringens* and *Bacteroides fragilis* (Supplemental Table 1). Empirical antibiotic treatment regimens consisted mostly of piperacillin/tazobactam (16.6%), ceftriaxone plus metronidazole (14.2%), amoxicillin/clavulanic acid (14.2%), ceftriaxone plus gentamicin (11.8%), ceftriaxone (11.8%), amoxicillin/clavulanic acid plus gentamicin (11.5%) or amoxicillin/clavulanic acid plus ciprofloxacin (10.8%; Supplemental Table 1). The total median duration of antimicrobial therapy (before and after ERCP) was 4 days (IQR 3--6 days) in the short group and 7 days (IQR 6--10 days) in the long group. After ERCP, the median duration was 4 days (IQR 2--6 days, range 0--20 days) in the total study population, 2 days (IQR 1--3 days) in the short group and 6 days (IQR 4--7 days) in the long group. All patients except for one received antibiotics before ERCP. Patients treated in a tertiary care hospital tend to receive antibiotics for 3 days or less (23 out of 36; 63.9%) more often, compared with patients treated in a teaching hospital (68 out of 161; 42.2%) and non-teaching hospital (46 out of 99; 46.5%); *p* = 0.06.

Primary outcome: Infectious complications {#sec10-2050640620915016}
-----------------------------------------

As demonstrated in [Table 2](#table2-2050640620915016){ref-type="table"}, 41 (13.9%) patients developed a local infectious complication during follow-up. Infectious complications occurred in 16 of 137 patients (11.7%) receiving antibiotics for ≤3 days and in 25 of 159 patients (15.7%) receiving antibiotics for ≥4 days. The occurrence of a local infectious complication did not differ between the two treatment groups (*p* = 0.32). The most common local infection was recurrent cholangitis, which occurred in 28 patients (9.5%). Six patients (2.0%) experienced cholecystitis, two patients (0.7%) developed a liver abscess and two patients (0.7%) an infected portal vein thrombosis. As shown in [Table 3](#table3-2050640620915016){ref-type="table"}, potential confounders (age, gender, relevant comorbidity, previous cholecystectomy, Tokyo severity score, timing of ERCP, papillotomy, stent placement, positive blood culture and treatment centre) were not significantly associated with infectious complications in univariate logistic regression analysis. In multiple logistic regression analysis with adjustment for Tokyo severity score and positive blood culture, antimicrobial therapy duration remained un-associated with the occurrence of an infectious complication (adjusted odds ratio (aOR) 95% confidence interval (CI) 0.71 (0.36--1.41); [Table 4](#table4-2050640620915016){ref-type="table"}).

###### 

Primary and secondary outcomes.

![](10.1177_2050640620915016-table2)

                                                                     Total        ≤3 days AB*n*=137 (%)   ≥4 days AB*n*=159 (%)   *P* value
  ------------------------------------------------------------------ ------------ ----------------------- ----------------------- -----------
  Local infectious complication                                      41 (13.9)    16 (11.7)               25 (15.7)               0.32
  Type of complication                                                                                                            
   -- Recurrent cholangitis                                          28 (9.5)     10 (7.3)                18 (11.3)               
   -- Cholecystitis                                                  6 (2.0)      3 (2.2)                 3 (1.9)                 
   -- Liver abscess                                                  2 (0.7)      1 (0.7)                 1 (0.6)                 
   -- Infected portal vein thrombosis                                2 (0.7)      1 (0.7)                 1 (0.6)                 
   -- Other^[a](#table-fn5-2050640620915016){ref-type="table-fn"}^   3 (1.0)      1 (0.7)                 2 (1.3)                 
  *Clostridioides difficile* infection                               0                                                            
  Hospital stay, median in days (IQR)                                6 (4--9)     6 (4--8)                7 (5--9)                0.03
  Hospital stay ≤7 days                                              186 (62.8)   95 (69.3)               91 (57.2)               0.04
  Mortality                                                          4 (1.4)      0                       4 (2.5)                 0.13

^a^Other: infected necrotizing pancreatitis, infected hematoma, spontaneous bacterial peritonitis.

IQR: interquartile range; AB: antibiotics.

###### 

Association between patient characteristics and local infectious complication.

![](10.1177_2050640620915016-table3)

                                                                                No infectious complication*n*=255 (%)   Infectious complication*n*=41 (%)   UnadjustedOR (95% CI)   *P* value
  ----------------------------------------------------------------------------- --------------------------------------- ----------------------------------- ----------------------- -----------
  Age, mean SD                                                                  72.9 (14)                               71.2 (14.5)                         0.99 (0.97--1.02)       0.48
  Male gender                                                                   122 (47.8)                              22 (53.7)                           1.26 (0.65--2.45)       0.49
  Relevant comorbidity^[a](#table-fn7-2050640620915016){ref-type="table-fn"}^                                                                                                       
   -- Diabetes                                                                  49 (19.2)                               9 (22)                              1.18 (0.53--2.64)       0.68
   -- COPD                                                                      23 (9)                                  7 (17.1)                            2.08 (0.83--5.21)       0.12
   -- Immunodeficiency^b^                                                       2 (0.8)                                 0                                   NA                      1
  Previous cholecystectomy, *n* (%)                                             67 (26.3)                               8 (19.5)                            0.68 (0.30--1.55)       0.36
  Tokyo severity score                                                                                                                                                              0.75
   -- Grade I                                                                   57 (22.4)                               10 (24.4)                           reference               
   -- Grade II                                                                  177 (69.4)                              29 (70.2)                           0.93 (0.43--2.03)       
   -- Grade III                                                                 21 (8.2)                                2 (4.9)                             0.54 (0.11--2.69)       
  Timing ERCP after admission, median in days (IQR)                             2 (1--3)                                2 (1--3)                            0.98 (0.83--1.15)       0.79
  Papillotomy                                                                   236 (92.5)                              38 (92.7)                           1.02 (0.29--3.61)       0.98
  Stent used to retrieve adequate drainage                                      41 (16.1)                               7 (17.1)                            1.08 (0.45--2.59)       0.87
  Positive blood culture^c^                                                     135 (52.9)                              25 (61)                             1.39 (0.71--2.73)       0.34
  Treatment centre                                                                                                                                                                  0.31
   -- Tertiary care hospital                                                    28 (11)                                 8 (19.5)                            reference               
   -- Teaching hospital                                                         141 (55.3)                              20 (48.8)                           0.50 (0.20--1.24)       
   -- Non-teaching hospital                                                     86 (33.7)                               13 (31.7)                           0.53 (0.20--1.41)       

^a^Each patient could have multiple comorbidities.

^b^ Immunodeficiency: drug induced or as the result of an infection with human immunodeficiency virus (HIV).^c^Each blood culture could contain multiple bacteria.

CI: confidence interval; COPD: chronic obstructive pulmonary disease; ERCP: endoscopic retrograde cholangiopancreatography; IQR: interquartile range; OR: odds ratio.

###### 

Association between antimicrobial therapy duration and local infectious complication.

![](10.1177_2050640620915016-table4)

                                                                      OR (95% CI)         *P* value
  ------------------------------------------------------------------- ------------------- -----------
  Antimicrobial therapy duration (≤3 days vs ≥4 days)                                     
   Unadjusted                                                         0.71 (0.36--1.39)   0.32
   Adjusted^[a](#table-fn10-2050640620915016){ref-type="table-fn"}^   0.71 (0.36--1.41)   0.33

^a^Adjusted for Tokyo severity score and positive blood culture.

CI: confidence interval; OR: odds ratio.

Secondary outcomes: C. difficile infection, hospital stay and all-cause mortality {#sec11-2050640620915016}
---------------------------------------------------------------------------------

No patient developed *C. difficile* infection. As shown in [Table 2](#table2-2050640620915016){ref-type="table"}, median hospital stay was 6 days (IQR 4--8 days) in the short antibiotic group compared with 7 days (IQR 5--9 days) in the long antibiotic group (*p* = 0.03). In the short antibiotic group, more patients were discharged within 7 days (95 patients (69.3%) vs 91 patients (57.2%); *p* = 0.04). The results of the univariate logistic regression analysis are shown in [Table 5](#table5-2050640620915016){ref-type="table"}. Younger age, early timing of ERCP, the lack of a positive blood culture and treatment centre were significantly associated with a short hospital stay (≤ 7 days). In multiple logistic regression analysis with adjustment for age, Tokyo severity score, timing ERCP, positive blood culture and treatment centre, short antimicrobial therapy duration (≤3 days) remained associated with a short hospital stay (aOR (95% CI) 2.48 (1.33--4.62); [Table 6](#table6-2050640620915016){ref-type="table"}). Four (1.4%) patients died during follow-up, all were treated for 4 days or more; *p* = 0.13 ([Table 2](#table2-2050640620915016){ref-type="table"}). Only one of them had developed an infectious complication.

###### 

Association between patient characteristics and hospital stay.

![](10.1177_2050640620915016-table5)

                                                                                    Hospital stay ≤7 days*n*=186 (%)   Hospital stay ≥8 days*n*=109 (%)   UnadjustedOR (95% CI)   *P* value
  --------------------------------------------------------------------------------- ---------------------------------- ---------------------------------- ----------------------- -----------
  Age, mean SD                                                                      69.8 (15.3)                        77.5 (10)                          0.95 (0.93--0.97)       \<0.01
  Male gender                                                                       95 (51.1)                          48 (44)                            1.33 (0.83--2.13)       0.24
  Relevant comorbidity^[a](#table-fn12-2050640620915016){ref-type="table-fn"}^                                                                                                    
   -- Diabetes                                                                      37 (19.9)                          21 (19.3)                          1.04 (0.57--1.89)       0.90
   -- COPD                                                                          18 (9.7)                           12 (11)                            0.87 (0.40--1.87)       0.72
   -- Immunodeficiency^[b](#table-fn13-2050640620915016){ref-type="table-fn"}^      1 (0.5)                            1 (0.9)                            0.58 (0.04--9.42)       0.71
  Previous cholecystectomy, *n* (%)                                                 49 (26.3)                          26 (23.9)                          1.14 (0.66-1.98)        0.64
  Tokyo severity score                                                                                                                                                            0.08
   -- Grade I                                                                       48 (25.8)                          19 (17.4)                          reference               
   -- Grade II                                                                      128 (68.8)                         78 (71.6)                          0.65 (0.36--1.19)       
   -- Grade III                                                                     10 (5.4)                           12 (11)                            0.33 (0.12--0.89)       
  Timing ERCP after admission, median in days (IQR)                                 1 (1--2)                           3 (1--5)                           0.65 (0.56--0.76)       \<0.01
  Papillotomy                                                                       175 (94.1)                         98 (89.9)                          1.79 (0.75--4.27)       0.19
  Stent used to retrieve adequate drainage                                          26 (14)                            22 (20.2)                          0.64 (0.34--1.20)       0.17
  Positive blood culture^[c](#table-fn14a-2050640620915016){ref-type="table-fn"}^   87 (46.8)                          72 (66.1)                          0.45 (0.28--0.74)       \<0.01
  Treatment centre                                                                                                                                                                \<0.01
   -- Tertiary care hospital                                                        29 (15.6)                          7 (6.4)                            reference               
   -- Teaching hospital                                                             112 (60.2)                         49 (45)                            0.55 (0.23--1.35)       
   -- Non-teaching hospital                                                         45 (24.2)                          53 (48.6)                          0.21 (0.08--0.51)       

^a^Each patient could have multiple comorbidities.

^b^Immunodeficiency: drug induced or as the result of an infection with human immunodeficiency virus (HIV).

^c^Each blood culture could contain multiple bacteria.

CI: confidence interval; COPD: chronic obstructive pulmonary disease; ERCP: endoscopic retrograde cholangiopancreatography; IQR: interquartile range; OR: odds ratio.

###### 

Association between antimicrobial therapy duration and short hospital stay.

![](10.1177_2050640620915016-table6)

                                                                      OR (95% CI)         *P* value
  ------------------------------------------------------------------- ------------------- -----------
  Antimicrobial therapy duration (≤3 days vs ≥4 days)                                     
   Unadjusted                                                         1.67 (1.03--2.69)   0.038
   Adjusted^[a](#table-fn15-2050640620915016){ref-type="table-fn"}^   2.48 (1.33--4.62)   0.004

^a^Adjusted for age, Tokyo severity score, timing ERCP, positive blood culture, treatment center.

CI: confidence interval; ERCP: endoscopic retrograde cholangiopancreatography; OR: odds ratio.

Discussion {#sec12-2050640620915016}
==========

In this retrospective multicentre study, we did not observe a difference in the occurrence of infectious complications in patients with acute cholangitis treated with antibiotics for 3 days or less compared with 4 days or more. Furthermore, a shorter therapy duration was associated with shorter hospitalization and did not seem to affect all-cause mortality.

Our results are in line with earlier published work.^[@bibr4-2050640620915016],[@bibr7-2050640620915016]^ Van Lent et al. also suggested that 3 days of antibiotics after ERCP would be sufficient. In their retrospective study (*n* = 80), including all aetiologies of cholangitis, such as primary sclerosing cholangitis and stent obstruction in hilar obstructions, the overall rate of recurrent cholangitis was 24%. The percentage of patients with an episode of recurrent cholangitis was not statistically different among patients with a short (≤3 days), medium (4--5 days) or long (\>5 days) course of antibiotics. Kogure et al. performed a small prospective study (*n* = 18) in which they investigated a fever-based approach for the treatment of acute cholangitis. Administration of antibiotics was stopped, when the body temperature of  \< 37°C was maintained for 24 hours. This approach resulted in a median therapy duration of 3 days. The authors suggested that this approach is safe and effective because no infectious complications occurred during follow-up of 4 weeks. Furthermore, shorter antimicrobial treatment duration is also indirectly supported by randomized controlled trials in general (non-cholangitis) intra-abdominal infections, which showed that shorter therapy duration after adequate source control is feasible and safe.^[@bibr20-2050640620915016],[@bibr21-2050640620915016],[@bibr23-2050640620915016]^

Our study is the largest and first multicentre study that supports that 3 days of antibiotics might be sufficient to treat cholangitis patients after adequate drainage. Moreover, we are the first to include a homogenous study population only including the far most common etiology of cholangitis. Furthermore, the percentage of missing data was low. We only had to deal with 40 missing values of the variable 'blood culture'. We reported the results of the best-case scenario, in which all missing blood cultures were considered negative.

Our study showed that more than half of patients with cholangitis and successful drainage in several Dutch hospitals are treated with antibiotics for more than 3 days. The motivation for the deviation of our national guidelines was not available in the majority of cases. It is likely that the wide range of therapy duration was at least partially based on the different recommendations of (inter)national guidelines, ranging from a 4--10 day course of antibiotics after successful drainage. A positive blood culture seemed to influence the decision of the clinician to continue antibiotics for more than 3 days after successful drainage was achieved, as did the severity of the infection. However, in our study, positive blood culture as well as severity of cholangitis were not associated with the development of an infectious complication.

The above-mentioned results should be interpreted taking into account some uncertainties. First, the main reason for exclusion was unknown antimicrobial therapy duration and lack of follow-up of at least 3 months. This may have led to selection bias and potential overestimation of infectious complications, assuming patients lost to follow-up more frequently had an uncomplicated course of cholangitis. Another limitation is that our retrospective data indicated that confounding by indication was present; that is, more severely sick patients, demonstrated by Tokyo grade III cholangitis and/or positive blood culture, received a longer course of antibiotics. However, as mentioned earlier, both factors were not associated with the development of an infectious complication, nor were other patient characteristics. In addition, we were not able to adjust our analyses for adequacy of empirical therapy, which could have led to misclassification of the intervention. We also lacked information about the timing of the development of the infection. Another important limitation is that the multiple logistic regression analysis of the primary outcome resulted in a wide confidence interval. This means we lacked the power to fully exclude a higher risk on infectious complications after a short antimicrobial treatment. Therefore, prospective studies are needed to confirm our results. Furthermore, we have limited the study population to patients who suffered from cholangitis due to CBD stones and received adequate source control. To improve internal validity, it was a conscious choice to include a homogeneous group of patients, even though it reduced the generalizability of our results in view of other, less common aetiologies of cholangitis. In addition, all-cause mortality was rare and only 1.4%. This finding is probably the result of the relatively low number of grade III cholangitis patients included in our study, which also reduces the generalizability of our results. Finally, it remains unclear whether a local infectious complication is the result of ongoing underlying disease/inadequate source control, rather than insufficient treatment with antimicrobial therapy. Given the high number of patients, we expect that these patients, if present, are equally distributed over both groups.

Conclusion {#sec13-2050640620915016}
==========

This study indicates that antimicrobial therapy of 3 days or less is sufficient after successful drainage of the biliary tract in patients with acute cholangitis due to CBD stones. Prospective studies are needed to confirm our results to ensure evidence-based and harmonized guideline recommendations on antimicrobial therapy duration in cholangitis patients. This could ultimately lead to a large decrease in unnecessary antibiotic administration, hospital stay and associated adverse events.
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